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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
fiber sensor capable of measuring quasi-static 
physical quantitys such as temperature and depth. 
SOLUTION: This optical fiber sensor has a light 
source part 2 for sending out a frequency-modulated 
laser beam and a sensing optical fiber 32 for 
changing the length being an optical path according 
to a physical quantity of a measuring object, and has 
a sensor part 3 for making the reflected laser beam 
interfere with a reference laser beam by passing the 
laser beam sent out of the light source part 2 through 
the sensing optical fiber, an O/E converting part 4 for 
converting the interfered laser beam into an electric 
signal, a higher harmonic wave component extracting 
part 6 for extracting a higher harmonic wave component included in the interfered laser 
beam on the basis of the electric signal, and a demodulating part 7 for calculating an 
optical path difference AL and static pressure P on the basis of a modulation index C when 
judged as being in an allowable error range on the basis of a phase difference &phiv; of 
the interfered light by calculating the phase difference and the modulation index C of the 
interfered light on the basis of the amplitude ratio of the extracted higher harmonic wave 
component. 
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1 4 = B J 4 (C) cos* 

1 5 = B J 5 (C) sin* 
[0049] aiJI957D(i, (21)*«>Ii , l 2 . 

1 3 &VI 4 tJtO. (17)*tc»^TIi + I 8 a 

I 3 ( I3+I5) /8+II ( I 2 + 

[0050] (20) si»tf (22) 5S*>Jfc£*aS** 
ZbX\ B* ttffi*$ft.. 8s60{iJ 2 (C) / J 
4 (O kttltf. ZtLli2<$^Wmt4<X£<m. 
A»k<^BXUtXuX't>h. (6) &b®tittz%3Lti 
if. X M ttCfctt#r*l»J:$:Sfc*>. SSTOXfi 

mr-rMzs-iz SMMtC MWa-f * - 

[005 1 ] ULhO ± 3 5 OlUlOJMIfc ifttf , 
^•sr-fe/UWRflMBflSCfcS^v^Ii +I 3 a^I 2 + 

1 4 ^»tKLT (20) j&zm^xttm. ttzl 
3 +i 6 st/i 2 +14 intaix (22)aci^ 

<k 5 1 i>tz<nx\ m^itcoimxhi <t><mwi 
m^t:%$mbLtfninztiz>zbiz%>9. mew*^ 

A L £ tii^-r h Z t tfT* 1 . 

[0052] mmmme . mea^m^e^mm^ 
mmiz&&%7T'(j^y?<?)ffifmx'b&. m6{za 
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^^mmfi-f-C^V^TT^Ol^ 2<fc, 3<K. 4 
<^lX5»:OiSP^^SraiU-fl»^t'SlS^^ftiii 

7C£(4S3:£. 

[004 6 3 SISOH&OJ&HStcfcvvttt, ***** 

mx-hz * <ww*w< vz±.x'%m&c 

[00473 ftfcftS&llA LJRiJ iTWS&StCOVvtR 

vf&9MNVfft&kth ikX'nmmm 1 ommm 
mxwnitzz b b nmomift 0 oxi&mmt 
h. 

[00483 Wm&ftfflm(>C\iV&. 3 

( 4 > *fc«^v^ra* ( 2 1 ) oio^s. 



- (2 1) 

*. Rttt, (2i) s^ii . i 3 . i< avi 5 1 
±0. (i7)*t«^ri, +i 8 avi 2 +i, 

t JWJf 6 . * IX . ifeC ( 2 2 ) sSfcftA-tS . 
,)/6 = BZJ 3 (C) J 4 (C)/C 

- (22) 

H6CJSV»T. 0/ESaia4Ai40/ESa« 
S4fcHt.t><iO?&4. A/D^g?5A(iA/ 

®f£mm^x't>z>mtiiKzmtz>i>(?)X'hi. 9ii% 

m%sb%h±ti7yX'hZ>. 
[0053 3 fraLfcidC. 3KS»2*»fci£ai3fi* 

ttit^o^mbtZ) . iit^*o**OTl»Pft4H* 

aj«6T«wto«*fcttairft t , ( 5 ) ^ttasn-c 

v^idtcWBS^W 1 **^*. iWi. (7)5$oj; 
3t®HtX 1 30mHi:LT*h.l.. i*U4. 7tfc^.* 
±7r/2i£^T'J>o^tLTt. (23) (DlolZ 

immc. u^xam£&ut<t>izffifix 
&&mm^z®£?&*oizL. <t><r>&m*ntxfr 
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X„ = J, (C)/J 8 (C) [1+ < J' (O/J, <C) 
-J" (C)/J 3 (C) } a ■- K±n/2-4>) ] 



(23) 



[00 54] 3 m&2t^t>wn^tih u-i'mt (2) 

< I E' 1 2 > = ( I E' 0 1 1/2) 
[0055]-*. ttKMimfttrtHMWIi. * 

mix o) *c4i*3<i*. 3feK^nfi^^*a58(i 
( 3 ) *<ot3hs^* (24) smt *. -r s t . a 

5U2 5) 1%Wg.frf-m^&n iZ fc**T'# 

I=A+Bcos (Ccos2irf||t + ^) 
[0056] fclbOJ: 3 fc» 5<0JWt<0«aifcJ:fifcr. 

3 tu wfmzwzxfri-gmm. 

mm 6 TKM «[^Sr»ai-r h Zotz IK?)X\ ft 
JgO&V vft&g A L £ & Z b it S l> . 
[0057] HiS^Si7 . H7tt**HflO*7tf>||*') 

(ommx-mm itzztt mmomz'tf ? cox-mmz® 
H7tfcv^T. A/Dsa»a5Btt. tasi 



*<0fc# (OT. jiajfl-f-hoo ) ttJtoR ( 24 ) 
(l+acos2»f 0 t) 2 - (24) 

^xsmmmmtau wm^ix-mmALmta 



- (25) 

otcj: ( 2 4 ) & b nm^s^mm^ z^vtiv 
it Lizm%mau&**#& ix&z. mssam^m 

[0059] JJLhWJ: 3 fc. SI7 OHJ&^&Ckfl 

h£olzltze>x\ tiatn&vffi&ALzniii-t&z 
btfX'%*. 

[0060] mtmms . m8\±ifwmw,sff)m^ 
wmz$hh%7 r -r a* >y<nm$mx'h i . matts 

WC. HlfcHtHS£ftUO*St><0(i. m<Q%ft 

m-tt. Bsttswc. wKmca. *t*»t»5ME 

tfiS-fr* J: a iz Itz&xnMB 1 1 fiH&6 . . 
[006 1 ] PGCifct^'f >^Sr*Ttt. <X* ( 2 6 ) 

( i ) mz7i??£i%i'~ ft/t^mm^tii. 



[0058] »7 ow^na, mecommmmb 
mmtz. h^frtvmgsmm^zmiU.zTim^tz 

«itf. ai^»iisji<oJ:a*«ftawjs«i 

V (t) =V offset + V aop s i n2^rf 0 t - (26) 

[0062] W»U IWfctt, MWfiSI ( 2 7 ) 2K£^ff<^£&tftiHaffK 

E (t) =E 0 cos [2)ri/t+ (f d /f 0 ) )sin2ff 0 t 

+ /3s i n (4*f 0 t + ^> + *,} 3 -(27) 
[0063] ItzifiiX . T#flWiifc* ( 2 8 ) T'H . 

I (t)=A + Bcos {Ccos27rf 0 t 

+ £Cs i n (4arf o t+0) + 0} -(28) 

[0064] zvtzizi&ism&ftbsxmm. j' (o=j 3 (O-j, (o.j- (o=j 
^•o»Jtx 13 {i^ (29) oidfc**. i (c)+j 5 (OX'hh. 

X, 3 = J 1 (C) /J 3 (C) t 1+ ( J' (C) /J! (C) 

— J" (C ) /J 3 (C ) I /8Ccot#] -(29) 
[0065] Z<Di. o (28) 3>£»#;c ^©OSSSB 1 CTU, tt*$rEffift£S|-Cli$r< . 
t , 1 «fi«*tf)lM HAy K*<3»aft*tcWr-5T ;«2*««^)i8»tt k*6»3* (30) sSfcSSWt^- 

V (t) =V offset + V aBP { s i n2fff 0 t 

-/S (s i n4!rf,t + i9) } ••■ (30) 

[0066] i3±nxitz* m8<Dmm<r>mmizxii if. ««»ic«jMir*«JWt-* , ct>*^*»iy62* 



[0067] mtmm9 . a 9I4*jmb<o*9 

l±. ±3$^IIM^?ST1B B J1 Lfc£ k k RHJfcDlWefcfr 
3*>TK9i£**'*-*. H9fc*ivvc. 1 lti&RJtA 

C (t) = 2* f d (t) nAL/c 
[0069] -J. k . SMMtC, k* 

C, (t) =2*f d (t) nAL,/ 

[0070] *;t. 

Sikfc.fcO, f 4 (t) ****** i***?**. c •' 
( t ) » C, ( t ) *>ffii*aiS*u A L„ offiliH 

C (t)/C 0 (t) =AL/AL„ 
A L = A L 0 {C ( t ) /C 0 (t ) 
[0071] tLh^i 0 (CS9tf£yt<0»»lCtS«-vC 
tt, JtSSHALo #-jre*4fl¥T*tU lfci 9& 

m ufcsowMcc o k * y-tas 3 * LfcTSHI^fc 
*-*v>T*ffl LfcSMISRC fcfc*^vvC#IHtA L* 
(33) *cafc*WC»li"*4 «k 3fcLfc*>"C. ft*J§ 
iSITOfd <^)*MB^«IB-C^aBlt:«^<8l3@»l6 

[0072] mami o. hio<4*w««wio«) 

1 octave, Hli:HtE»*ftl/CV»ftfc0)li, 

1 commcommx-mmttzz 1 1 mmcomm'no we 

Wte'-Stik-th. HlOCfcUT, 12I±M7-(W 
arc**. 2tt. W^ttSrf'JfflL-CJM 

ili Lfc fJtOffllHSSW *5MBHmc38**6 . ft 

His 7 f it^cr^mmminmm^ 0 &x\ wm 

7Ektigfr*. 

[0073] ; <r>mmt . « 9 ohm^st-i^ l * 
**«iaftfl» f d ( t ) fcittt** t *>T* 2. . L£ 

fiw-cHst* i k tc j 0 **mmm 1 d < t > *>* 

8&gAL*Jii:>j**. dT'BkJi, x^h/POt- 

tt^fc*3*S£fcfc:£**S i k *<T'£ * . 
[0074] &±ff)£ 0 IZfR 1 0tf>HS6tf)J$gfc Xti 
tf . IB 9<0ld6O»JBW) J: ^ CWPTOTh 1 1 *JBv>£ 

< t t m;mamm® 1 , ( t ) o^jawsnsn-co^ 
zntiib. mmT&m 1* 

mil x*<-XWtWts: < *tf. 

[0075] mmm 1 . ±j&rm&emm;\±. 7 
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fcs 5W7EI1. 3SWgRCatfC 0 *gtttl>2i& 

««aiBis»MrLTvi5. ^oanwigKi. si 

O^O^®"C'SiBBL^t^k|5l«t'*l»O-Ciii0BSr i t 

s. 

[00683 WflWrWIMWjISfcfiVirtt, &*J3 

f d <^>«H«*B«a-c«sii ( h u 7 h ) #a 

(3 1) nXolzm-f. 

- (3 1) 

S&gA L 0 fcORfSMttrt (32) T*S*l*. 
s -(32) 

»?***>?. ALii^ (33 ) x-mztiiztiz* 



- (33) 

W^mWco 2 V-A=rmtT t i v t . 3K7 r >f 

[00763 mtmm 1 2 . ±&<rm&<mmx'\s& 1 
%Mnbft^-&tfai 3 awKftiS4Mc«^v ^x$mm 

m^x<t>zw.itii-z>£oizititf. cntBjgsn* 
-rs) . 

[0077] MgJB 1 3 . Jfcj*0»ttO»lB-C1i. A 

/ds»« 5st^i»is^^aaia56 s:ffl^Tii«* 

[0078] SUt^S 1 4 . ±a«KSt^)»»-Cli. it 

w*>yzmtimm?&mfcitzttmsmx'{>ft o z 

btfX'ZZ. 

[0079] nwm 1 5 . ±3* OH 1 <^Mt<^KB"C 

T^S^'. tan*"C«r<Tti*tf5«H*aH|-C*4fc 
«0T'*fLtfJ:v\ 

[0080] mumm 1 6 . m2<nmmmm^za^ 

X. y<-y hfflm. Wilis i nRgcT'**y = a 1 
sin2^f H t + a 2 k Lfctf, *JKBIii<ttcR 

[0081] mmm 1 7 . ±^o^4 mmnrnx- 



^TffiSrffl^TtJ:^. ttz. AGC (Automatic Gain C 
ontrol) fcfflV^ifcT, BO««--56(C«»t4 J: 3 

[OO82]£M0BJB18. ±jfi<0*6f5Hifc^»*» 

&*i o^iw<o»jws. w— m^m^mm^ 

[0083] 

[03 ] :«HBa*3*SW0>«Wfcft*#7T'f 

[04 ] *#5fc>»4 ^>HII^»fc»43t7 r -f y<* 
y^1S«0Tfcs. 
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[05] 5 <nmimwm.&h±7 r * ><* 

[06] *?S>S^»6^ldt^»Kfc:ffi4*7T'f^-b 

[07] #ISBJ!<9gl 7 Oltfka£!B£ff S3t7r^A't 

[08] #S6HJ|<og| 8 OHit<9£ A£ft i*7r^f^ 

[09] *HHJ^ 9 *>HSfi<D^S&fc$ 5 ft 7 r 4 A-fc 
yt^8tj£0T-£>£. 

[010] *f6#o»l 0*)SOt<?)»!Difc:tR4*7T'f 
A*y^f|j£0T'£>l>. 

r , ia, ib, i c ttassE 

2 

3 -tryt^ 
3 1a, 3 1b $7- 

3 2 -ty~»?'yr4^ 
3 3 'J7T1/^7HA* 
34, 3 5, 9 ytti-rj 

4, 4 A 0/E38M* 

5, 5 A, 5B A/DSSft« 

6, 6 A, 6B, 6C ^PiS^fttil^ 

7, 7A, 7B, 7C, 7D. 7E, 7F OHffi 
8 9U££M«4R*£tf 

10 was&wm 

1 1 WWHW 

12 Jfcg7 4/l^& 



(& 1)102-116103 (P2002-1 1610 3A) 



[HI] 



Pu 
8 



o 

\ 



k 

CM 



Hi 
WW 







c 




o 






t 






















o 














o 














1—1 










o 


1 




1— • 






•-3 



A 

7 



S 

18 




(t2))02-l 16103 (P2002-1 16103A) 



[02] 






'a 




o 


CO 












<: 



7 




I 

e 

V 

•v 

V 
N 

« 
•J 



(a 3)102-116103 (P2002-11610 3A) 
[13] 



cut 




(& 4) )02-l 16103 (P2002-1 16103A) 



[04] 




4 



(&5))02-116103 (P2002-11610 3A) 



[05] 




«L6))02-116103 (P2002-1 16 103A) 



CH6] 




4 



«L7>)02-116103 (P2002-116103A) 



[07] 




SI 
Q 

V 

m 

12 

m 
e 



e 

c- 



UL8))02-116103 (P2002-116103A) 



[08] 



3 : *>>VW> 
U &: 31b 




3 3 : OyrU>'A 



3 2 : -tr>^>-y 



0/E 




A/D 









3 5 : 



^5 



,5 



3~ 



l C : m^fB5 



(19) )02-l 16103 (P2002-1 16103A) 




(SO) )02-l 16103 (P2002-1 16103A) 



[010] 




